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Abstract: Whiteleg shrimp (Litopenaeus vannamei) and giant freshwater prawns (Macrobrachium 

rosenbergii) are significant crustaceans in aquaculture, and they are compatible for bi-farming 

systems. This study assessed the best stocking density for a tank-based polyculture system 

comprising postlarval whiteleg shrimp and all-male giant freshwater prawns. The study used a 

completely randomized design with three replications. Whiteleg shrimp were stocked at four 

densities (5, 10, 15, and 20 individuals/m³—ind m⁻³), whereas all-male giant freshwater prawns were 

maintained at 5 ind m⁻³ in 4 m³ tanks with partial shading. After two months of rearing using a 

commercial pellet feed (42% crude protein), survival rates, as well as weight and length growth 

performance parameters (final mean weight, daily weight gain, specific growth rate in weight, final 

mean length, daily length gain, and specific growth rate in length) of both trial animals, were 

significantly higher at shrimp stocking densities of 5 and 10 ind m⁻³ than 15 and 20 ind m⁻³ (P≤0.05). 

There were no significant changes in survival rates or growth performance parameters between 

densities of 5 and 10 ind m⁻³ (P≥0.05). Productivity was significantly lower at 5 ind m⁻³ compared 

to other densities (P≤0.05), while there were no significant differences among higher stocking 

densities (10-20 ind m⁻³) (P≥0.05). The findings indicate that a stocking density of 10 ind m⁻³ for 

whiteleg shrimp and 5 ind m⁻³ for all-male giant freshwater prawn offers the optimal balance of 

growth, survival, and productivity in the experimental system. 

  

Introduction 

Over the last decades, aquaculture has emerged as a 

highly productive sector of global food production, 

propelled by technological advancements, improved 

management practices, efficient resource utilization, 

and an emphasis on sustainability (FAO, 2018). 

Among the key factors influencing aquaculture 

performance, stocking density plays a critical role, as 

growth rates of farmed species remain density-

dependent even under optimal environmental 

conditions (Silveira et al., 2022). Overstocking 

densities can compromise water quality and increase 

disease risk and operational costs, including feed and 

seed expenses (Shoko et al., 2016; Oké and Goosen, 

2019), whereas understocking leads to inefficient 
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resource utilization and lower yields (Krummenauer et 

al., 2011; Silveira et al., 2022).  

To enhance shrimp farming productivity, multi-

phase grow-out systems, in which shrimp are 

transferred from the nursery to the grow-out phase, are 

of increasing interest (Van Wyk, 1999). These 

systems align biomass more effectively with carrying 

capacity, leading to better survival, feed efficiency, 

and disease control than single-phase systems, which 

often underutilize capacity until harvest (Stern and 

Letellier, 1992; Van Wyk, 1999; Wang and Leiman, 

2000). Moreover, feed remains the primary source of 

nutrient loading in shrimp culture, with only about 

22% of nitrogen converted into shrimp biomass; the 

remainder accumulates in sediments or enters 
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surrounding waters (Jackson et al., 2003). Thus, 

integrated multitrophic aquaculture (IMTA) and 

polyculture systems have been promoted as more 

sustainable alternatives to monoculture because 

compatible animals in polyculture systems occupy 

distinct ecological niches and have complementary 

feeding habits, enhancing nutrient recycling, boosting 

productivity, and improving system resilience (Dong 

et al., 2018; Lalramchhani et al., 2019; Erwiantono et 

al., 2020; N’souvi et al., 2021). 

Among aquaculture crustaceans, L. vannamei 

accounts for the majority of global shrimp production 

due to its rapid growth, disease resistance, and 

tolerance of a wide range of salinities (FAO, 2017, 

2020). This dominance is further supported by 

hatchery innovations and the adoption of specific 

pathogen-free (SPF) broodstock (Lightner, 2011; 

Kumar et al., 2023; Wani et al., 2024). However, the 

intensive monoculture of L. vannamei has been 

associated with water quality deterioration and 

heightened disease risk (Paulraj et al., 2016; Kumar et 

al., 2017). Whiteleg shrimp is particularly well-suited 

for co-culture with various fish and crustacean species 

across different production systems. Examples include 

polyculture with razor clam (Sinonovacula constricta) 

in ponds (Zhao et al., 2025), grey mullet (Mugil 

cephalus) and red tilapia (Oreochromis spp.) in closed 

biofloc-based systems (Nguyen et al., 2023), and 

swimming crab (Portunus trituberculatus) in 

enclosure systems housed in a pond (Zhou et al., 

2022). Meanwhile, Macrobrachium rosenbergii, the 

largest species in its genus, is a valuable aquaculture 

species owing to its nutritional and commercial value 

(Maliwat et al., 2021; Sumi et al., 2025). Although it 

is a freshwater species, its larvae need brackish water 

to grow (Cuvin-Aralar et al., 2011; López-Uriostegui 

et al., 2014). These benthic feeders do not need a lot 

of protein (Prianka et al., 2016), and they mainly eat 

benthic organisms and organic matter that has fallen 

to the bottom of the pond (Rahman et al., 2012; 

Prianka et al., 2016). It has been reported that all-male 

populations of M. rosenbergii are more productive 

than mixed populations (Levy et al., 2017). This all-

male prawn population has also been successfully 

polycultured with tilapia (Oreochromis niloticus) and 

was highly valued for its economic and environmental 

benefits (Molcho et al., 2020). 

The potential of polyculture systems involving 

whiteleg shrimp and giant freshwater prawns has also 

been exploited by previous studies (Cao et al., 2015; 

Zhang et al., 2019; Ni et al., 2021). However, research 

on optimal stocking densities for co-culturing 

whiteleg shrimp with all-male giant freshwater prawns 

in tank-based systems remains limited, and this is 

particularly essential for all-male M. rosenbergii, 

which are characterized by aggressive and 

cannibalistic behavior (Aziz et al., 2017). This study 

evaluates the growth performance, survival, and 

productivity of a tank-based polyculture system 

comprising postlarval whiteleg shrimp and all-male 

giant freshwater prawns at various stocking densities 

over two months. The findings support multi-phase 

grow-out strategies, which are gaining interest in the 

aquaculture industry. It also provides scientific 

information on optimal stocking densities for the 

practical expansion of polyculture systems involving 

these two species. 

 

Materials and Methods 

Experimental materials: All-male giant freshwater 

prawns (postlarvae 15) and whiteleg shrimp 

(postlarvae 12) were sourced from local seed 

production hatcheries. Specimens were transported to 

the experimental aquaculture hatchery at Tra Vinh 

University in nylon bags, using a closed transport 

system (Erikson et al., 2022), with the water in the 

bags maintained at the production hatchery salinity 

(15‰). Upon arrival, prawns and shrimp were 

gradually acclimated to a target salinity of 5‰ by 

lowering the salinity by 2‰ per day. Subsequently, 

prawns were cultured for 2 months, reaching an 

average weight of 1.74 g and a length of 5.62 cm, 

whereas shrimp were raised for 20 days, reaching an 

average weight of 0.65 g and a length of 4.25 cm 

before being stocked for the experiment.  

Two water sources were used: freshwater from a 

local river and saltwater (90‰) from nearby salt 

fields. The freshwater was settled, disinfected with 
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 potassium permanganate (KMnO₄) at 5 mg L⁻¹, and 

aerated for three days. The saltwater was treated with 

chlorine (30 mg L⁻¹) and aerated for four days. To 

prepare water at 5‰ salinity, the two sources were 

mixed using the dilution formula C₁V₁ = C₂V₂, where 

C₁ = saltwater salinity, V₁ = saltwater volume, C₂ = 

target salinity, and V₂ = total volume. The 4 m³ 

composite tanks were used for experimental units, 

each filled with 3 m³ of prepared water. A nylon mesh 

substrate covered approximately 20% of the tank 

bottom, and continuous aeration was provided 

throughout the trial. The commercial Grobest pellet 

feed containing 40% crude protein (Grobest, Vietnam) 

was used for the animals. This study was conducted in 

accordance with the guidelines of the U.S. National 

Research Council for the care and use of experimental 

animals (Directive 86/609/EEC. 

Experimental design and procedure: This study was 

designed to determine the optimal stocking density for 

a tank-based polyculture system comprising whiteleg 

shrimp and all-male giant freshwater prawns, with 

whiteleg shrimp stocked at four densities (5, 10, 15, 

and 20 ind m⁻³) while all-male giant freshwater 

prawns were maintained at 5 ind m⁻³. The experiment 

followed a completely randomized design with three 

replications in 4 m³ tanks with partial shading. It was 

conducted from July to September 2024 at the 

Aquaculture Experimental Hatchery of Tra Vinh 

University, southern Vietnam.  

Healthy postlarval shrimp and prawns, after an 

adaptation and nursing period, were randomly 

assigned to 15 rearing tanks at designated trial 

densities, with three replicate tanks per density. The 

animals were fed to apparent satiation, with feed 

amounts adjusted based on the uneaten feed from the 

previous meal, with a feed rate of approximately 5-7% 

of their body weight for 60 days. Leftover feed and 

waste materials were removed daily at 20:00 by 

siphoning to maintain tank hygiene. Probiotics were 

also added to rearing tanks weekly at the same 

concentration (1 g m⁻³). Partial water exchanges of 20-

30% were conducted every 15 days. Prior to use, water 

was mineral-enriched at a concentration of 10 g m⁻³. 

Collecting samples and calculating data: Prior to 

stocking and at 15-day intervals throughout the 

experimental period, five whiteleg shrimp and five 

giant freshwater prawns were randomly sampled from 

each tank to assess growth performance. Individual 

body wet weights were measured using an electric 

balance with a precision of 0.01 g after the animals 

were dried on absorbent paper. Total lengths were 

measured from the tip of the rostrum to the end of the 

telson using a scaled ruler (in millimeters). At the 

experimental end, survival rate and productivity were 

recorded and calculated. The formulas were used for 

the calculation of performance parameters as below 

(Hieu et al., 2022; Falahatkar et al., 2019): 

Mean weight (MW, g) = total weight of 15 individuals 

/ 15 

Mean length (ML, cm) = total length of 15 individuals 

/ 15 

Daily weight gain (DWG, g day-1) = (final weight - 

initial weight) / number of rearing days  

Daily length gain (DLG, cm day-1) = (final length - 

initial length) / number of rearing days 

Specific growth rate in weight (SGRw, ％ day-1) = 

((ln(final weight) - ln(initial weight)) / number of 

rearing days) × 100 

Specific growth rate in length (SGRL, ％ day-1) = 

((ln(final length) - ln(initial length)) / number of 

rearing days) × 100 

Survival rate (％) = (final fish number / initial fish 

number) × 100 

Productivity (g m⁻³) = biomass/rearing volume 

Water quality monitoring: Water quality was 

monitored consistently throughout the experiment. 

Temperature and pH were measured twice daily, at 

7:00 and 14:00, using a digital pH meter (Hanna 

HI98103, Italy). Total ammonia nitrogen (TAN), 

nitrite (NO₂⁻), and alkalinity were measured every 3 

days at 7:00 using a Sera test kit (Germany). 

Analyzing data: The data were analyzed using one-

way ANOVA, followed by Tukey's post hoc test to 

identify significant differences among treatment 

groups at P≤0.05. Standard deviations were also used 

to evaluate data variability. All statistical analyses 

were conducted using SPSS (version XX; IBM Corp., 

Armonk, NY, USA). 
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Results  

Water quality parameters: Throughout the 

experiment, water quality conditions remained 

consistent. Recorded temperature values ranged from 

28.6 to 29.1°C, while pH levels remained between 8.0 

and 8.1. TAN was maintained within the range of 0.14 

to 0.18 mg L⁻¹, NO₂⁻ levels ranged from 0.45 to 

0.94 mg L⁻¹, and alkalinity remained stable between 

117 and 119 mg CaCO₃ L⁻¹ (P≥0.05) (Table 1). 

Rearing performance: Both all-male giant 

freshwater and white-leg shrimp showed better growth 

performance at lower stocking densities (5 and 10 ind 

m⁻³) than at higher densities (15 and 20 ind m⁻³). 

Specifically, in all-male giant freshwater, all growth 

parameters (FMW, DWG, SGRw, FML, DLG, and 

SGRL) were not significantly different between 5 and 

10 ind m⁻³ densities ⁻³ (P≥0.05; Table 2), but these 

parameters in both were significantly greater 

compared to those at 15 and 20 ind m⁻³ (P≤0.05; Table 

2). White-leg shrimp showed a similar pattern (Table 

2).  

The highest survival rates were observed at shrimp 

stocking densities of 5 and 10 ind m⁻³, which did not 

differ significantly from each other (P≥0.05; Fig. 1). 

Table 1. Water quality parameters during the 60-day experimental period. 

  Shrimp stocking densities (ind m⁻³) 

 Test Time 5 10 15 20 

Temperature  

(°C) 

7:00 28.7±0.5 28.6±0.5 28.6±0.4 28.6 ± 0,4 

14:00 29.1±0.4 29.1±0.4 29.1±0.4 28.9±0,4 

pH 
7:00 8.0±0.1 8.0±0.1 8.0±0.1 8.0±0.1 

14:00 8.1±0.1 8.1±0.1 8.1±0.1 8.1±0.1 

TAN (mg L−1) 0.14±0.0 0.18±0.0 0.19±0.0 0.25±0.0 

NO2

-

 (mg L−1) 0.45±0.0 0.60±0.2 0.82±0.1 0.94±0.0 

Alkalinities (mgCaCO3 L−1) 118.3±8.2 117.5±9.01 119.6±8.60 119.4±8.3 

Values are presented as mean±SD. 

Table 2. Initial mean weight (IMW), final mean weight (FMW), daily weight gain (DWG), and specific growth rate (SGRw) of all-male giant 

freshwater prawns and whiteleg shrimp postlarvae for 60-day polyculture at different stocking densities. 

Shrimp stocking densities (ind m⁻³) IMW (g ind−1) FMW (g ind−1) DWG (g day−1) SGRw (％ day−1) 

 M. rosenbergii 

 5 1.74±0.30a 14.50±3.09b 0.21±0.05b 3.50±0.32b 

10 1.74±0.30a 14.15±2.93b 0.21±0.05b 3.46±0.33b 

15 1.74±0.30a 10.88±1.76a 0.15±0.03a 3.03±0.26a 

20 1.74±0.30a 9.92 ± 1.13a 0.14 ± 0.02a 2.89±0.19a 

 L. vannamei 

5 0.65±0.14a 13.61±1.52c 0.22 0.03c 5.06±0.18c 

10 0.65±0.14a 12.81±1.17c 0.21±0.02b 4.96±0.16b 

15 0.65±0.14a 10.95±1.37b 0.17±0.02a 4.69±0.20a 

20 0.65 0.14a 10.6±1.47a 0.17±0.02a 4.64±0.23a 

Values are presented as mean±SD. Values with different letters (a, b, c) in the same row show a significant difference (P≤0.05). 

 Table 3. Initial mean length (IML), final mean length (FML), daily length gain (DLG), and specific growth rate in length (SGRL) of all-male giant 

freshwater prawns and whiteleg shrimp postlarvae for 60-day polyculture at different stocking densities. 

Shrimp stocking densities (ind m⁻³) IML (cm ind⁻¹) FML (cm ind⁻¹) DLG (cm day⁻¹)  SGRL (% day⁻¹) 

 M. rosenbergii 

 5 5.62±0.46a 11.17±0.76bc 0.09±0.01bc 1.14±0.11bc 

10 5.62±0.46a 11.50±0.85c 0.10±0.01c 1.19±0.12c 

15 5.62±0.46a 10.82±0.73b 0.09±0.01b 1.09±0.11b 

20 5.62±0.46a 10.39±0.56a 0.08±0.01a 1.02±0.09a 

 L. vannamei 

5 4.25±0.20a 12.08±0.88b 0.13±0.01b 1.74±0.12c 

10 4.25±0.20a 12.10±0.82b 0.13±0.01b 1.74±0.12c 

15 4.25±0.20a 11.12±0.94a 0.11±0.02a 1.60±0.14b 

20 4.25±0.20a 10.69±0.82a 0.10±0.01a 1.53±0.12a 

Values are presented as mean±SD. Values with different letters (a, b, c) in the same row show a significant difference (P≤0.05). 
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However, at stocking densities of ≥ 15 ind m⁻³, 

survival rates significantly decreased as density 

increased (P≤0.05; Fig. 1). 

Productivity was significantly lower at a stocking 

density of 5 ind m⁻³ compared to higher densities 

(P≤0.05; Fig. 2). No significant differences in 

productivity were observed among densities 10, 15, 

and 20 ind m⁻³ (P≥0.05; Fig. 2). This suggests that 

increasing stocking density up to 10 ind m⁻³ 

significantly enhances productivity, but further 

increases beyond this point do not result in statistically 

significant gains. 

 

Discussions 

Water quality parameters: Water quality parameters 

mainly remained stable throughout the experiment. 

The temperature stayed between 28.6 and 29.1°C, and 

the pH ranged from 8.0 to 8.1. Total ammonia nitrogen 

(TAN) was between 0.14 and 0.18 mg L⁻¹, while 

nitrite (NO₂⁻) levels were from 0.45 to 0.94 mg L⁻¹. 

Alkalinity remained between 117 and 119 mg CaCO₃ 

L⁻¹. These conditions are considered suitable for the 

growth and survival of L. vannamei and 

M. rosenbergii (Boyd, 1998; Ni et al., 2021; Silveira 

et al., 2022; Yusoff et al., 2024). 

Rearing performance: Aquaculture professionals 

increasingly view polyculture systems as sustainable 

alternatives to monoculture, as they offer better 

resource use and ecological balance. However, 

excessive shrimp densities can reduce growth and 

survival due to organic loading and competition 

(Martínez-Porchas et al., 2010; Liu et al., 2017; Jewel 

et al., 2021). Furthermore, M. rosenbergii, a benthic 

and territorial species, exhibits heightened sensitivity 

to crowding (Negrini et al., 2017; Dong et al., 2018). 

This sensitivity is particularly pronounced in all-male 

populations, which are highly aggressive and space-

demanding; high stocking densities often lead to 

elevated stress levels and increased intraspecific 

conflict (Aziz et al., 2017). In contrast, L. vannamei 

(whiteleg shrimp) are non-aggressive, schooling, 

pelagic shrimp that display strong adaptability to 

varying salinities and feeding regimes. Although they 

can tolerate moderate to high stocking densities and 

generally thrive under such conditions, they remain 

vulnerable to competition for resources and to the 

adverse effects of deteriorating water quality (Costa et 

al., 2016; Hague et al., 2025). Prasetyo et al. (2014) 

reported that L. vannamei postlarvae achieved a high 

growth performance and a 90% survival rate at a 

salinity of 5‰. Their complementary behavior and 

habitat may make all-male giant freshwater prawns 

and white-leg shrimp a promising polyculture 

strategy. Based on these ecological and behavioral 

traits, this study maintained a fixed density of all-male 

prawns at 5 ind m⁻³ and tested four shrimp densities 

(5, 10, 15, and 20 ind m⁻³) to assess density-dependent 

effects on their growth, survival, and productivity at 

5‰ salinity. 

The results of the present study demonstrated that 

increasing the stocking density of L. vannamei beyond 

Figure 1. Survival rates after a 60-day polyculture of all-male giant 

freshwater prawns and whiteleg shrimp postlarvae at different 

shrimp stocking densities. The bars with different letters (a, b, and 

c) show a significant difference (P≤0.05). 

Figure 2. Productivity after a 60-day polyculture of all-male giant 

freshwater prawns and whiteleg shrimp postlarvae at different 

shrimp stocking densities. The bars with different letters (a, b) show 

a significant difference (P≤0.05).  
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10 ind m⁻³ negatively affected the growth performance 

and survival rates of both cultured species. This 

finding aligns with previous research showing that 

overcrowding in aquaculture systems increases 

competition for feed, space, and social interaction 

(Diao et al., 2024). The negative effects of increased 

stocking density are particularly evident in 

M. rosenbergii, a species known for its territorial and 

aggressive behavior, which is especially pronounced 

in all-male populations (Aziz et al., 2017; Hooper et 

al., 2022; Chakraborty, 2024). In M. rosenbergii, 

aggressive encounters in high-density environments 

can lead to physical injuries, which often result in 

secondary infections (Metcalfe et al., 1989; Ibrahim et 

al., 2025). While L. vannamei is less aggressive, it is 

susceptible to declining water quality, especially low 

dissolved oxygen and elevated ammonia, conditions 

that worsen with increased density (Cao et al., 2015; 

Ni et al., 2021). Although the water quality parameters 

presented in Table 1 do not show significant 

differences among treatments and are within the 

appropriate ranges, TAN and nitrite (NO₂⁻) levels 

tended to rise at higher shrimp densities. It is well-

known that high stocking densities deteriorate water 

quality by increasing metabolic waste products such 

as ammonia and carbon dioxide, consuming more 

dissolved oxygen, and leading to higher 

concentrations of nitrates and other harmful 

compounds (Sundh et al., 2019).  

Moreover, previous studies have demonstrated that 

high stocking density can induce chronic stress, 

resulting in adverse physiological and biochemical 

changes. It can damage cells, disrupt intracellular 

homeostasis, induce oxidative stress, suppress the 

immune system, increase disease susceptibility, and 

ultimately reduce survival in many crustacean and fish 

species. Such effects have been reported in 

L. vannamei (Liu et al., 2017), fingerling 

Oreochromis niloticus (Liu et al., 2018), fry Ompok 

bimaculatus in biofloc systems (Majhi et al., 2023), 

juvenile Acipenser sinensis in recirculating systems 

(Long et al., 2019), and Aulonocara sp. in plastic tanks 

(Mahalakshmi et al., 2024). In addition, crowding 

stress increases the energy demands associated with 

physiological coping mechanisms, thereby reducing 

the energy available for growth (Yang et al., 2020; Jia 

et al., 2022). Although growth and survival declined 

at higher shrimp stocking densities, productivity 

increased from 5 to 10 ind m⁻³ before plateauing at 

higher levels. This pattern reflects a common trade-off 

in aquaculture. While increasing density can improve 

overall yield, benefits beyond a biological threshold 

are diminished by stress, reduced feed efficiency, 

disease, and mortality (Shoko et al., 2016; Oké and 

Goosen, 2019). Similar trends have been reported in 

biofloc systems, where moderate stocking density 

increases enhanced production, whereas excessive 

stocking negatively affects performance (Silveira et 

al., 2022). Furthermore, no significant differences in 

growth performance or survival rate were observed 

between the 5 and 10 ind m⁻³ stocking densities of 

whiteleg shrimp. However, significantly lower 

productivity was recorded at 5 ind m⁻³, likely due to 

the smaller initial stocking quantity, which limited the 

total biomass yield. This suggests suboptimal 

utilization of tank capacity at the lower stocking 

density. 

While populations of L. vannamei and 

M. rosenbergii were evaluated as compatible for co-

farming (Zhang et al., 2019; Ni et al., 2021), this study 

has indicated that the polyculture performance of all-

male giant freshwater prawns and whiteleg shrimp is 

highly dependent on appropriate density management. 

Overall, a shrimp stocking density of 10 ind m⁻³ 

combined with 5 ind m⁻³ of all-male giant freshwater 

prawns provides the best balance between growth, 

survival, and system productivity in tank-based 

polyculture. Similarly, Ni et al. (2021) evaluated the 

polyculture performance of L. vannamei and 

M. rosenbergii in intertidal mudflat ponds near 

Hangzhou Bay, China, and found that system 

performance was also influenced by stocking density. 

In intertidal mudflat pond-based polyculture systems, 

the authors recommended an optimal stocking density 

of 900,000 shrimp ha⁻¹, co-cultured with 150,000 

prawns ha⁻¹. 
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 Conclusions 

This study identified the optimal stocking density for 

tank-based polyculture of whiteleg shrimp 

(L. vannamei) and all-male giant freshwater prawn 

(M. rosenbergii) as 10 shrimp m⁻³ and 5 prawns m⁻³, 

respectively. This density combination provided the 

best overall balance among growth performance, 

survival rate, and productivity. It outperformed higher 

stocking densities (15-20 shrimp m⁻³) in terms of 

survival and growth, while achieving greater 

productivity than the lowest density (5 shrimp m⁻³). 

These findings offer practical insights into density-

dependent management strategies for co-cultures of 

these animals in intensive tank-based systems. Further 

research on feeding regimes and feed efficiency is 

recommended to support feed management strategies 

and to enhance the performance of polyculture 

systems for these animal populations. 

 

Acknowledgments 

We acknowledge the support of time and facilities 

from Tra Vinh University (TVU) and Nguyen Tat 

Thanh University (NTTU) for this study. 

 
References 

Aziz D., Nguyen V.T., Rahi M.L., Hurwood D.A., Mather 

P.B. (2017). Identification of genes that potentially 

affect social dominance hierarchy in adult male giant 

freshwater prawns (Macrobrachium rosenbergii). 

Aquaculture, 476: 168-184. 

Boyd C.E., Tucker C.S. (1998). Pond aquaculture water 

quality management. Dordrecht: Kluwer Academic 

Publishers. 

Cao Y., Zhang M., Dong Q., Wu C. (2015). High efficiency 

experiment of polyculture system of shrimp 

Litopenaeus vannamei and giant freshwater prawn 

Macrobrachium rosenbergii. Journal of Anhui 

Agricultural Science, 43(31): 118-119. (In Chinese) 

Hieu T.K., Van V.T.T., Thien P.C., Diep D.X. (2022). 

Effects of different stocking densities on growth and 

survival rate of Dau Nhim snakehead (Channa sp.) 

fingerlings. Aquaculture, Aquarium, Conservation and 

Legislation Bioflux, 15(3): 1124-1132. 

Stickney R.R. (2000). Encyclopedia of aquaculture. New 

York: John Wiley and Sons. 1072 p. 

Chakraborty B.K. (2024). Macrobrachium rosenbergii 

(giant freshwater prawn) summary datasheet: Type(s), 

host animal, cultured aquatic species, documented 

species; Knowledge for Life summary of invasiveness. 

CABI Compendium, 96269: 1-23. 

Costa D.F.P., Gomes B.S.F.D.F., Pereira S.D.D.N.A., de 

Fátima Arruda M. (2016). Influence of stocking density 

on the behaviour of juvenile Litopenaeus vannamei 

(Boone, 1931). Aquaculture Research, 47(3): 912-924. 

Cuvin-Aralar M.L., Laron M.A., Aralar E.V., de la Paz 

U.C. (2011). Breeding and seed production of the giant 

freshwater prawn (Macrobrachium rosenbergii). 

Aquaculture Extension Manual No. 52. Southeast Asian 

Fisheries Development Center, Aquaculture 

Department (SEAFDEC/AQD), Tigbauan, Iloilo, 

Philippines. 

Diao W., Jia R., Hou Y., Gong J., Zhang L., Li B., Zhu J. 

(2024). Effects of different stocking densities on the 

growth, antioxidant status, and intestinal bacterial 

communities of carp in the rice–fish co-culture system. 

Fishes, 9(7): 244. 

Dong X., Lv L., Zhao W., Yu Y., Liu Q. (2018). 

Optimization of integrated multi-trophic aquaculture 

systems for the giant freshwater prawn Macrobrachium 

rosenbergii. Aquaculture Environment Interactions, 10: 

547-556. 

Erikson U., Rosten C., Klebert P., Aspaas S., Rosten T. 

(2022). Live transport of Atlantic salmon in open and 

closed systems: Water quality, stress and recovery. 

Aquaculture Research, 53: 3913-3926. 

FAO. (2017). FAO yearbook of fishery and aquaculture 

statistics. Rome, Italy. 

FAO. (2018). The state of world fisheries and aquaculture 

2018: Meeting the sustainable development goals. 

Rome, Italy. 

FAO. (2020). The state of world fisheries and aquaculture 

2020: Sustainability in action. Rome, Italy. 244 p. 

Hague R.A.C., Rimmer J.E.V., James M.A. (2025). 

Assessing the effects of a 660 nm diode laser on 

crustacean eyes. PLoS ONE, 20(5): e0317706.  

Hooper C., Debnath P.P., Stentiford G.D., Bateman K.S., 

Salin K.R., Bass D. (2022). Diseases of the giant river 

prawn Macrobrachium rosenbergii: A review for a 

growing industry. Reviews in Aquaculture, 15(1): 738-

758. 

Ibrahim S., Ruhul A., Li J., Yang G., Yi S., Xia Z., Cai M., 

Deng Y., Tang Q. (2025). Genetic diversity of selective 

breeding populations of giant freshwater prawn 

(Macrobrachium rosenbergii) based on SSR and 



32 
 

Huong et al./ Evaluating optimal stocking density of whiteleg shrimp and giant freshwater prawn postlarvae 

mitochondrial D-loop gene. Diversity, 17(7): 437. 

Jackson C., Preston N., Thompson P.J., Burford M. (2003). 

Nitrogen budget and effluent nitrogen components at an 

intensive shrimp farm. Aquaculture, 218(1-4): 397-411. 

Jewel M.A.S., Haque M.A., Rahman M.H., Khatun M.S., 

Akter S., Bhuyain M.A.B. (2021). Shrimp polyculture: 

An economically viable and environmentally friendly 

farming system in low saline coastal region of 

Bangladesh. Iranian Journal of Fisheries Sciences, 

20(6): 1649-1663. 

Jia R., Wang L., Hou Y., Feng W., Li B., Zhu J. (2022). 

Effects of stocking density on the growth performance, 

physiological parameters, redox status and lipid 

metabolism of Micropterus salmoides in integrated 

rice–fish farming systems. Antioxidants, 11(7): 1215. 

Krummenauer D., Cavalli R.O., Poersch L.H., Wasielesky 

W. Jr. (2011). Superintensive culture of white shrimp, 

Litopenaeus vannamei, in a biofloc technology system 

in southern Brazil at different stocking densities. 

Journal of the World Aquaculture Society, 42(5): 726-

733. 

Kumar S., Verma A.K., Singh S.P., et al. (2023). 

Immunostimulants for shrimp aquaculture: Paving 

pathway towards shrimp sustainability. Environmental 

Science and Pollution Research, 30: 25325-25343. 

Kumar V.S., Pandey P.K., Anand T., Bhuvaneswari R., 

Kumar S. (2017). Effect of periphyton (aquamat) on 

water quality, nitrogen budget, microbial ecology, and 

growth parameters of Litopenaeus vannamei in a semi-

intensive culture system. Aquaculture, 479: 240-249. 

Lalramchhani C., Balasubramanian C.P., Panigrahi A., 

Ghoshal T.K., Das S., Anand P.S.S., Vijayan K.K. 

(2019). Polyculture of Indian white shrimp (Penaeus 

indicus) with milkfish (Chanos chanos) and its effect on 

growth performances, water quality and microbial load 

in brackishwater pond. Journal of Coastal Research, 

86(S1): 43-48. 

Levy T., Rosen O., Eilam B., Azulay D., Zohar I., Aflalo 

E.D., Benet A., Naor A., Shechter A., Sagi A. (2017). 

All-female monosex culture in the freshwater prawn 

Macrobrachium rosenbergii – A comparative large-

scale field study. Aquaculture, 479: 857-862. 

Lightner D.V. (2011). Virus diseases of farmed shrimp in 

the Western Hemisphere (the Americas): A review. 

Journal of Invertebrate Pathology, 106(1): 110-130. 

Liu G., Ye Z., Liu D., Zhao J., Sivaramasamy E., Deng Y., 

Zhu S. (2018). Influence of stocking density on growth, 

digestive enzyme activities, immune responses, and 

antioxidant status of Oreochromis niloticus fingerlings 

in biofloc systems. Fish and Shellfish Immunology, 81: 

416-422. 

Liu G., Zhu S., Liu D., Guo X., Ye Z. (2017). Effects of 

stocking density of the white shrimp Litopenaeus 

vannamei (Boone) on immunities, antioxidant status, 

and resistance against Vibrio harveyi in a biofloc 

system. Fish & Shellfish Immunology, 67: 19-26. 

Long L., Zhang H., Ni Q., Liu H., Wu F., Wang X. (2019). 

Effects of stocking density on growth, stress, and 

immune responses of juvenile Chinese sturgeon 

(Acipenser sinensis) in a recirculating aquaculture 

system. Comparative Biochemistry and Physiology Part 

C: Toxicology and Pharmacology, 219: 25-34. 

López Uriostegui F., Ponce Palafox J.T., Arredondo 

Figueroa J.L., Benítez Mandujano M.A., García Ulloa 

Gómez M., Castillo Vargasmachuca S., Esparza Leal 

H.M. (2014). Effect of stocking density on growth and 

survival of the prawn Macrobrachium tenellum cultured 

in a cage pond system. North American Journal of 

Aquaculture, 76(2): 164-169. 

Mahalakshmi S., Antony C., Ravaneswaran K., Uma A., 

Sunder Lingam R.S. (2024). Influence of biofloc and 

stocking density on physiological responses and disease 

resistance in peacock cichlid (Aulonocara sp.). 

Aquaculture, 592: 741168. 

Majhi S.S., Singh S.K., Biswas P., Debbarma R., Parhi J., 

Khatei A., Mangang Y.A., Waikhom G., Patel A.B. 

(2023). Stocking density affects immune and stress 

related gene expression of butter catfish (Ompok 

bimaculatus) fry in biofloc landscapes. Fish and 

Shellfish Immunology Reports, 5: 100112. 

Maliwat G.C.F., Velasquez S.F., Buluran S.M.D., 

Tayamen M.M., Ragaza J.A. (2021). Growth and 

immune response of pond reared giant freshwater prawn 

Macrobrachium rosenbergii post larvae fed diets 

containing Chlorella vulgaris. Aquaculture and 

Fisheries, 6(5): 465-470. 

Martínez Porchas M., Martínez Córdova L.R., Porchas 

Cornejo M.A., López Elías J.A. (2010). Shrimp 

polyculture: A potentially profitable, sustainable, but 

uncommon aquacultural practice. Reviews in 

Aquaculture, 2(2): 73-85. 

Metcalfe N.B., Huntingford F.A., Graham W.D., Thorpe 

J.E. (1989). Early social status and the development of 

life history strategies in Atlantic salmon. Proceedings of 

the Royal Society of London. Series B, Biological 

Sciences, 236(1282): 7-19. 



33 
 

Int. J. Aquat. Biol. (2026) 14(1): 25-34 

 Molcho J., Levy T., Benet A., Naor A., Savaya A., Manor 

R., Abramov A., Aflalo E.D., Shechter A., Sagi A. 

(2020). Three generations of prawns without the Z 

chromosome: Viable WW Macrobrachium rosenbergii 

all female populations in polyculture with Oreochromis 

niloticus. Aquaculture, 515: 734531. 

Negrini C., Castro C., Bittencourt-Guimarães A., Frozza 

A., Ortiz-Kracizy R., Cupertino-Ballester E. (2018). 

Stocking density for freshwater prawn Macrobrachium 

rosenbergii (Decapoda, Palaemonidae) in biofloc 

system. Latin American Journal of Aquatic Research, 

45(5): 891-899. 

N’souvi K., Sun C., Che B. (2021). Aquaculture technology 

adoption and profitability of the polyculture system 

practiced by prawn and crab farmers: Case study of 

Anhui province in China. Aquaculture Reports, 21: 

100896. 

Nguyen M.T., Pham N.T.A., Vo L.T., Truong D.V., 

Nguyen H.V., Nguyen T.D.Q., Nguyen P.N., Bossier P. 

(2023). Integrated mariculture of co cultured whiteleg 

shrimp (Litopenaeus vannamei) and grey mullet (Mugil 

cephalus) in sequence with red tilapia (Oreochromis 

spp.) in a closed biofloc based system. Aquaculture, 

566: 739200. 

Ni M., Chen X.F., Gao Q., Wang X., Zhang L., Zhang Y. 

(2021). Feasibility and compatibility of polyculture of 

Litopenaeus vannamei and Macrobrachium rosenbergii 

in intertidal ponds. Aquaculture Research, 52(1): 112. 

Oké V., Goosen N.J. (2019). The effect of stocking density 

on profitability of African catfish (Clarias gariepinus) 

culture in extensive pond systems. Aquaculture, 507: 

385-392. 

Paulraj A., Musthafa M.S., Altaff K., Ali A.R.H., 

Arockiaraj J., Balasundaram C., Harikrishnan R. 

(2016). Chytrid Batrachochytrium dendrobatidis fungal 

infection in freshwater prawn, Macrobrachium 

rosenbergii (de Man) – A new report. Aquaculture, 464: 

521-528. 

Prasetyo D., Hakim R.R., Sutarjo G.A., Purnomo H., 

Ariansyah F. (2014). Growth performance of 

Litopenaeus vannamei in low salinity cultivation with 

different natural feeds. BIO Web of Conferences, 143: 

02006. 

Prianka P., Anisur R., Mosharraf H.M., Sherazul I., Subrata 

M., Monjurul H. (2016). Effect of stocking density on 

the growth and production of freshwater prawn 

(Macrobrachium rosenbergii). International Journal of 

Fisheries and Aquatic Sciences, 6: 77-86. 

Rahman S.M.S., Islam M.A., Wahab M.A., Banu M.R., 

Kunda M., Azim M.E. (2012). Effects of stocking 

density of all-male Macrobrachium rosenbergii in 

polyculture ponds on production and economics. Asian 

Fisheries Science, 25(2): 133-143. 

Silveira L.G.P., Rosas V.T., Krummenauer D., Fróes C., 

Silva A., Poersch L.H., Fóes G., Wasielesky W. Jr. 

(2022). Establishing the most productive stocking 

densities for each stage of a multi-phase shrimp culture 

in biofloc technology system. Aquaculture 

International, 30: 1889-1903. 

Stern S., Letellier E. (1992). Nursery systems and 

management in shrimp farming in Latin America. In: J. 

Wyban (ed.). Proceedings of the Special Session on 

Shrimp Farming. World Aquaculture Society, 106-109. 

Sumi K.R., Biswas A., Nusra S.M. (2025). Assessment of 

nutritional quality of giant freshwater prawn 

(Macrobrachium rosenbergii) and black tiger shrimp 

(Penaeus monodon). Food Chemistry Advances, 7: 

100991. 

Sundh H., Finne-Fridell F., Ellis T., Taranger G.L., 

Niklasson L., Pettersen E.F., Wergeland H.I., Sundell 

K. (2019). Reduced water quality associated with higher 

stocking density disturbs the intestinal barrier functions 

of Atlantic salmon (Salmo salar L.). Aquaculture, 512: 

734356. 

Van Wyk P. (1999). Harbor branch shrimp production 

systems. In: B. Crawford (Ed.), Farming marine shrimp 

in recirculating freshwater systems. Florida Department 

of Agriculture and Consumer Services, Division of 

Aquaculture. Tallahassee, FL, USA. 

Wang J.K., Leiman J. (2000). Optimizing multi-stage 

shrimp production systems. Aquacultural Engineering, 

22(4): 243-254. 

Wani A.K., Akhtar N., Mir T.U.G., Rahayu F., Suhara C., 

Anjli A., Chopra C., Singh R., Prakash A., El 

Messaoudi N., Fernandes C.D., Ferreira L.F.R., Rather 

R.A., Américo-Pinheiro J.H.P. (2024). Eco-friendly and 

safe alternatives for the valorization of shrimp farming 

waste. Environmental Science and Pollution Research, 

31(27): 38960-38989. 

Yang Q., Guo L., Liu B.S., Guo H.Y., Zhu K.C., Zhang N., 

Jiang S.G., Zhang D.C. (2020). Effects of stocking 

density on the growth performance, serum 

biochemistry, muscle composition and HSP70 gene 

expression of juvenile golden pompano Trachinotus 

ovatus (Linnaeus, 1758). Aquaculture, 518: 34841. 

Yusoff F.M., Umi W.A.D., Ramli N.M., Harun R. (2024). 



34 
 

Huong et al./ Evaluating optimal stocking density of whiteleg shrimp and giant freshwater prawn postlarvae 

Water quality management in aquaculture. Cambridge 

Prisms: Water, 2024: e8. 

Zhang K., Yuan N., Zhu B., Qian D., Zhu W. (2019). 

Ecological polyculture technology of shrimp 

Litopenaeus vannamei and giant freshwater prawn 

Macrobrachium rosenbergii. Scientific Fish Farming, 

5: 27-28. (in Chinese) 

Zhao C., Bao G., Mei B., Luo Y., Xu J., Xu S., Wang D. 

(2025). Study on the aquaculture capacity of whiteleg 

shrimp (Litopenaeus vannamei)–razor clam 

(Sinonovacula constricta) tandem mariculture pond. 

Aquaculture Reports, 40: 102625. 

Zhou Y., Bao W., Su Y., Huang M., Wang X., Yan B., Ma 

S. (2022). Production of Pacific white shrimp 

polycultured with swimming crab at different densities, 

and nutrient budget in the enclosure system. Journal of 

Ocean University of China, 21: 171-178. 


